ABSTRACT. Objective: Intervention strategies are available for reducing the high global burden of hazardous alcohol use as a risk factor for disease, but little is known about their potential costs and effects at a population level. This study set out to estimate these costs and effects. Method: Analyses were carried out for 12 epidemiological World Health Organization subregions of the world. A population model was used to estimate the impact of evidence-based personal and nonpersonal interventions-including brief physician advice, taxation, roadside random breath testing, restricted sales access and advertising bans. Costs were measured in international dollars (I$); population-level intervention effects were gauged in terms of disability-adjusted life years (DALYs) averted. Average and incremental cost-effectiveness ratios (CERs) were computed. Results: The most costly interventions to implement are brief advice in primary care and roadside breath testing of drivers. In populations with a high prevalence of heavy drinkers (more than 5%, such as Europe and North America), the most effective and cost-effective intervention was taxation (more than 500 DALYs averted per 1 million population; CER < I$500 per DALY averted). In populations with a lower prevalence of heavy drinking, however, taxation is estimated to be less cost effective overall than other, more targeted strategies, such as brief physician advice, roadside breath testing and advertising bans.
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Conclusions:
The most efficient public health response to the burden of alcohol use depends on the prevalence of hazardous alcohol use, which is related to overall per capita consumption. Population-wide measures, such as taxation, are expected to represent the most cost-effective response in populations with moderate or high levels of drinking, whereas more targeted strategies are indicated in populations with lower rates of hazardous alcohol use. (J. Stud. Alcohol 65: [782] [783] [784] [785] [786] [787] [788] [789] [790] [791] [792] [793] 2004) A RECENT GLOBAL comparative risk assessment (CRA) by the World Health Organization (WHO) identified alcohol use as a leading cause of mortality and disability, contributing 58 million or 4% of all disabilityadjusted life years (DALYs) lost globally and ranking in the top five risk factors for disease burden (Ezzati et al., 2002; Rehm et al., 2004; WHO, 2002) . Such a finding prompts the question of what can be done to reduce this burden and at what cost? A number of interventions have been evaluated and shown to be effective in reducing alcohol use (Babor et al., 2003) , yet their level of implementation remains low in all but a handful of countries, and their comparative impact on population-level health has not been assessed.
To address these issues in a comparative, global framework, it is necessary not only to determine the costs and effects of existing strategies but also to establish cost-effective interventions to reduce exposure. Generalized costeffectiveness analysis-and its implementation via a WHO work program called CHOICE (CHOosing Interventions that are Cost Effective; Tan Torres et al., 2003) -brings a societal perspective to the valuation of costs and effects and is intended to inform policy makers by broadly identifying personal and nonpersonal interventions that are very cost effective, those that are not cost effective and those that fall in between. The present article applies this approach to interventions for reducing the global burden of hazardous alcohol use.
Method

Setting
Analyses of costs and effects were carried out at the level of WHO regions (Africa [Afr] [Wpr] ), each of which was subsequently split into subregions according to rates of adult and child mortality (WHO, 2002; see Table 1 ). For example, subregions with the suffix "A" have very low levels of child and adult premature mortality, and subregions with the suffix "D" have high levels of child and adult premature mortality. Because rates of alcohol use were very low in the WHO Emr region (a stable prevalence rate of less than 1% of the adult population), this region was excluded from subsequent analyses.
Epidemiology of hazardous alcohol use
This economic analysis relates to the risk factor of hazardous (or heavy) alcohol use, which is defined as an average rate of consumption of more than 20 g pure alcohol daily for women and more than 40 g daily for men (Babor et al., 2003; English et al., 1995) . Rates of hazardous alcohol use in different subregions were taken from the recent CRA (Rehm et al., 2003a (Rehm et al., ,b, 2004  Table 1 ), as were case fatality rates from which the following relative risks of mortality were derived: 2.5 for men and women 15-44 years of age; 1.3 for men and 1.4 for women in older age groups (Rehm et al., 2001) . Remission rates were derived with reference to an average duration of 10.9 years to recovery (Sobell et al., 2000) . For disease burden calculations, the level of disability associated with time spent as a heavy drinker also needs to be specified. On a 0-1 scale where 1 equals full health, a health state valuation of 0.846 was derived for hazardous alcohol use (equivalent to a disability weight of 0.154, this time where 0 equals no disability), which is a weighted average based on the severity breakdown of hazardous drinkers from the CRA (80% hazardous, 20% harmful) and preference values for these health states from the Dutch disability weight study (0.89 and 0.67, respectively; Stouthard et al., 2000) . (Rehm et al., 2004) .
Population model of intervention effectiveness
Intervention effectiveness was determined through a state transition population model (PopMod; Lauer et al., 2003) that traces the development of a subregional population, taking into account births, deaths and the specified risk factor. Key transition rates include the incidence of hazardous alcohol use in the population, case-fatality and remission. In addition, a health state valuation is specified for time spent at risk or as a heavy drinker.
Two epidemiological scenarios were modeled over a lifetime (100 years) analytic horizon: (1) no interventions available to reduce hazardous alcohol use (natural history) and (2) the population-level impact of each specified intervention implemented for a period of 10 years (after which epidemiological rates and health state valuations move back to natural history values). The difference represents the population-level health gain (expressed in DALYs averted) as a result of implementing the intervention. In accordance with the CRA (Rehm et al., 2003b (Rehm et al., , 2004 , DALYs were discounted at 3% and age weighted, with sensitivity analyses performed on the impact of removing these weights.
Estimation of intervention effects
A recent review of measures to reduce alcohol misuse (Ludbrook et al., 2002 ) assessed the quality of evidence for four types of interventions specifically aimed at reducing hazardous alcohol use (the findings coincide with a number of other reviews; e.g., Babor et al., 2003) : (1) brief interventions; (2) law enforcement (e.g., random breath testing [RBT] of drivers); (3) policy and legislative interventions, including taxes on alcohol sales, drink-driving laws, restricted licensing outlets and advertising control; and (4) mass media/awareness campaigns.
Taxation on alcoholic beverages. Excise taxation on alcoholic beverages primarily affects the incidence of drinking by reducing consumption, with effects measured in terms of price elasticity, which relates the change in consumption to the size of the price increase (Table 2 ). Price elasticities, adjusted downwards by one third to reflect reduced price responsiveness among heavy drinkers, were derived with respect to preferred type of alcoholic beverage (beer, wine, distilled spirits) in the 12 subregions, which was constructed from country-level data contained in WHO's Global Alcohol Database (WHO, 2003) . Baseline price elasticities ranged from -0.3 for the most preferred beverage category to -1.0 for the next preferred category to -1.5 for the least preferred (Babor et al., 2003; Ornstein and Levy, 1983 ; sensitivity analysis around these elasticities was performed). Both the current rate of tax-expressed as an add-on percentage of supplier price-as well as increases (of 25% and 50%) to the current rate were evaluated, adjusting for observed or expected level of unrecorded use (taken as a close proxy measure for untaxed consumption) as a result of illicit production and smuggling (see Table 2 ). In regions with rates of unrecorded consumption already over 50% (e.g., African subregion AfrD and South-East Asian subregion SearD), tax increases can actually have a regressive impact on incidence if they are accompanied by a rise in the already high level of unrecorded (and therefore untaxed) consumption. For estimating the natural history scenario, incidence rates were increased by the percentage change for current taxation.
Drink-driving legislation and RBT. Drink-driving laws and enforcement influence fatal and nonfatal traffic injuries among both hazardous alcohol users and other subgroups of the population (passengers, pedestrians). Two independent effects on alcohol-related traffic injuries were assessed (Table 3) : (1) drink-driving laws, which are estimated to reduce traffic fatalities by 7% if widely implemented within a region (Shults et al., 2001) or, for estimation of the natural history scenario, a fraction of this percentage based on the current level of implementation (WHO, 2003) ; (2) enforcement via RBT, which is estimated to reduce fatalities by a further 6%-10% in high-income subregions implementing such a strategy now and by 18% for the effect of full implementation (Peek-Asa, 1999; Shults et al., 2001) ; the impact on nonfatal injuries was estimated to be a smaller reduction of 15%.
Reduced hours of sale (retail outlets). Access to and availability of alcohol can be dramatically reduced through prohibition and rationing, but there are considerable challenges in implementing and sustaining such strategies. A more modest strategy is to reduce hours of sale among retail outlets (no sales for a 24-hour period at the weekend), which has been shown in Scandinavia to reduce consumption and alcohol-related harm (Leppänen, 1979; Nordlund, 1984; Norström and Skog, 2003) . On the basis of these studies, a modest reduction of 1.5%-3.0% in the incidence of hazardous drinking and 1.5%-4.0% in alcohol-related traffic fatalities was modeled, depending on the subregional pattern of drinking (largest effects in subregions with the highest levels of hazardous drinking occasions; Rehm et al., 2004) .
Advertising bans. Public health interest in the impact of a comprehensive ban on alcohol advertising (television, radio and billboards) is increasing, although available evidence from econometric studies suggests its effect on consumption is modest at best, arguably as a result of the continuing presence of other alcohol marketing strategies such as product placement or event sponsorship. Here, we illustrate the potential effect of a comprehensive advertising ban by modeling a 2%-4% reduction in the incidence of hazardous alcohol use on the basis of the latest international time-series analysis (Grube and Agostinelli, 2000; Saffer, 2000; Saffer and Dave, 2002) , again adjusted for subregional variations in patterns of drinking.
Brief interventions.
Brief interventions, such as physician advice provided in primary health care, which involve a small number of education sessions and psychosocial counseling, were modeled to influence the prevalence of hazardous drinking by increasing remission and reducing disability. Efficacy reviews of brief interventions reveal an estimated 22% net reduction in consumption among hazardous drinkers (Babor et al., 2003; Higgins-Biddle and Babor, 1996; Moyer et al., 2002) , which would have the effect of shifting the entire distribution of hazardous drinking downwards if applied to the total population at risk (a reduction in overall prevalence of 35%-50%, equivalent to a 14%-18% improvement in the rate of recovery over no treatment at all). However, after taking into account realworld effect modifiers, including treatment adherence (70%) and target coverage in the population (50% of hazardous drinkers), population-level remission rates were estimated to be between 4.9% and 6.4% better than natural history rates. In addition, an expected reduction in the number of heaviest drinkers while in treatment (but prior to remission) resulted in a small gain in the average level of disability (treated health state valuation was 0.858, an improvement of 1.3% after adjusting for coverage and adherence). For downward adjustment of rates of remissionin order to estimate the null scenario in the three high-income subregions where brief interventions are used Notes: pref. = preferred; Consump. = consumption; incid. = incidence; Curr. = current. a Price increase due to tax (%tax/[1+%tax]) * elasticity * 2/3 (heavy drinkers less responsive). b Sum of (prevalence * price increase) for each drink type * (1 -% untaxed consumption).
Prevalence Rate of taxation (by preferred beverage) (by preferred beverage) now-a current coverage rate of 12.5% for AmrA and half this level in EurA and WprA were used. Evidence for the effectiveness of mass media or schoolbased awareness campaigns was weak in terms of both methodological quality and their effect on consumption (as opposed to transfer of information or knowledge alone) (Babor et al., 2003; Foxcroft et al., 1997 Foxcroft et al., , 2003 Ludbrook et al., 2002 ). An intervention that has very low measured effect (but nonnegligible costs of implementation) cannot be considered a cost-effective policy option, and therefore mass media and school-based awareness campaigns were omitted from the foregoing analysis.
Estimation of intervention costs
Costs covered in the analysis include program-level costs associated with running the intervention, such as administration, training and media, and patient-level costs, such as primary care visits. An ingredients approach made up of the following components was used.
• Program-level resource inputs used in the production of an intervention at a level above that of the patient or health care facility cover administrative functions as well as resources devoted to such preventative programs as enforcement of drink-driving legislation by police officers (Johns et al., 2003) . Estimated quantities of resources required were obtained from costing experts in each of the subregions and validated against the literature. Final estimates were derived with reference to the prevailing characteristics of the subregion-for example, the efficiency of tax systems or strength of antidrinking sentiment (advertising bans, restricted sales).
• Patient-level resource inputs used in the provision of a given health care intervention are relevant in this analysis only to brief interventions. An average rate of four primary care visits over 1 year was estimated for the intervention itself (includes initial assessment, educative sessions and followup), plus an additional resource of 0.33 outpatient visits (20% × 1.67 visits) and 0.25 inpatient days (5% × 5 days) (see, for example, Fleming et al., 2000) . These resource inputs were applied to the 50% of prevalent hazardous alcohol users in receipt of brief advice in Year 1 and, be- cause we model an enduring effect for 10 years, also in Year 6; and to the 50% of incident cases in Years 2-5 and 7-10.
• Unit costs of program-level and patient-level resource inputs include the salaries of central administrators, capital costs of vehicles and equipment and the cost per outpatient visit. Data were obtained from a review of literature supplemented by primary data from several countries and subsequently converted into international dollars (I$), using international prices for traded goods and a regression-based approach to establish the price of nontraded goods in each subregion Johns et al., 2003) . One I$ buys the same quantity of health care resources in China or India as it does in the United States.
Fully worked cost templates for all interventions over the 10-year implementation period, discounted at 3% to give an estimated total cost per year, can be found on the WHO-CHOICE website (www.who.int/evidence/cea).
Uncertainty analysis
Population-level estimates of intervention cost and effect are inherently imbued with uncertainty, with respect to both analytical choices (such as the use of age weighting) and data. A series of one-way sensitivity analyses were initially performed to assess the impact on baseline results of discounting and age weighting. Best and worse case scenarios were then generated, incorporating upper and lower estimates of total intervention cost (+/-20% patient-level resource costs, +/-10% program-level costs) and effectiveness (upper/lower range elasticities for tax [+/-30%], +/-20%-30% intervention effect for other strategies). Finally, baseline data (with pessimistic and optimistic scenarios as lower and upper ranges) were entered into an analytical software package (MCLeague; Tan Torres et al., 2003) that performs a probabilistic uncertainty analysis using Monte Carlo simulation.
Results
Population-level effects of interventions
The comparative effectiveness of the different intervention strategies is presented in Table 4 . There are clear differences with respect to gender, with considerably greater averted burden seen in the male population. With the exception of RBT, approximately two thirds of the total population-level health gain from interventions was among men. The proportion for RBT rises to 80%-90% principally because the percentage of deaths and injuries attributed to traffic accidents is much higher among men.
A clear difference in terms of standardized effectDALYs averted per year per 1 million population-is also seen between subregions with high rates of hazardous alcohol use (prevalence in total population > 5%: African subregion AfrE; American subregions AmrA and AmrB; European subregions EurA,B,C), moderate rates (prevalence 2%-5%; Western Pacific subregions WprA,B) and low rates (< 2% prevalence; African subregion AfrD; American subregion AmrD; and South East Asian subregions SearB,D). In subregions with a high prevalence of hazardous drinking, the most effective single interventions were taxation and brief interventions, averting between 500 and 2,000 DALYs per 1 million population. Remaining control strategies-RBT, reduced hours of sale at the weekend and a comprehensive advertising ban-mainly produced effects in the range 250-750 DALYs per 1 million population. In subregions with low and moderate rates of hazardous drinking, single interventions realized total population health gains in the range 10-400 DALYs averted per 1 million population. Taxation was the most effective strategy in American subregion AmrD and Western Pacific subregion WprA, whereas the greatest health gain in African subregion AfrD and South East Asia SearB,D was enforcement of drinkdriving laws. In the remaining subregion WprB (includes China), policies aimed at restricting supply and marketing of alcohol-restricted access at weekends and a comprehensive advertising ban-were estimated to generate greater health gains than other interventions. Results for the male population in five illustrative subregions are shown in Figure 1 . Table 4 also shows the cost per capita of each intervention (plus two illustrative combination strategies). Brief advice in primary care and RBT are the most costly interventions to implement in all subregions. The relatively high cost of brief advice stems from a combination of patientlevel costs in the provision of the intervention itself (I$180-210 per treated case in high-income subregions AmrA, EurA and WprA and I$30-50 elsewhere), screening costs (I$1.00-1.40 per capita in high-income subregions and I$0.05-0.30 elsewhere) and program costs associated with training primary care providers. Enforcement of drink-driving regulations through RBT campaigns is costly in human resources (four enforcement officers per checkpoint), vehicles and equipment. For the remaining three strategies considered here (taxation, restricted access to sales outlets and advertising bans-each implemented at a per capita cost of I$0.05-0.50), costs relate to legislation activities and administration and enforcement of laws once passed.
Population-level costs of interventions
Average and incremental cost effectiveness of interventions
Combining costs and effects data (see Table 4 ) reveals that taxation is the most cost-effective strategy in six subregions with a high prevalence of heavy drinkers (each DALY averted by current taxation costs I$100-600, and I$90-500 if taxation rates are increased by 50%). Of the remaining population strategies, advertising bans "dominated" restricted access to sales outlets in that they had greater effect but cost less to implement; RBT had the highest cost per DALY averted (range I$650-4,500). Extensive treatment coverage (50%) of heavy drinkers with brief physician advice had an an average cost-effectiveness ratio (CER) of I$400-2,500.
In the other six subregions, taxation was the most cost effective in Western Pacific subregion WprA (but at a less favorable ratio of costs to effects; I$1,368) but not elsewhere. RBT was the most cost-effective strategy where rates of hazardous alcohol use are very low (South East Asia SearB and SearD; average CER: I$420-550). Brief advice was most cost effective in African subregion AfrD and American subregion AmrD (CER: I$600-700). Advertising bans or restricted access to sales outlets had the lowest expected costs per healthy life year gained in Western Pacific subregion WprB (I$200-250 per DALY averted).
The final set of values in Table 4 shows incremental CERs in relation to the current tax situation. The incremental CERs for increased taxation rates are modeled to equal zero because estimated costs of implementation (compared with the situation of no taxation) are the same as those for current taxation (i.e., additional health gains are achieved at a negligible extra cost). In subregions with a higher prevalence of hazardous alcohol use, moving away from, or adding to, taxation policies alone (for instance, by also implementing an advertising ban and/or brief advice in primary care) carries an incrementally greater cost per DALY averted as relatively less cost-effective interventions are implemented. In European subregion EurA, for example, the incremental CER for adding an advertising ban to alcohol taxation would be close to I$300 (not much more than the I$258 for taxation alone) but I$1,700 if brief advice was made widely available as well. In subregions with low rates of hazardous drinking, interventions other than taxation are either dominant (that is, they have lower costs but larger effects than current taxation) or have a more favorable CER (for example, the incremental CER for moving from current taxation to RBT in South East Asia subregions SearB and SearD is I$50-150, well below the CER of I$2,000-4,000 for current taxation).
Uncertainty analyses
Substitution of the baseline discount rate of 3% with values of 0% and 6% had only a small impact on results, altering total costs and average CERs for all interventions upward by 13% and downward by 11%, respectively. The removal of age weighting had a more appreciable impact on results, reducing total health gain estimates by 10%-22% across subregions, which reflects the fact that many alcohol-related illnesses and injuries occur relatively early in life (Rehm et al., 2004; WHO, 2002) . Use of unadjusted DALYs (no discounting or age weighting) increases total effectiveness by 43%-59% across subregions and thereby renders interventions more cost effective (average CERs fall by 31%-37%). Under the best-case scenario, total costs were 10%-20% lower and total effects 20%-30% higher than base case results, thereby improving the average cost per DALY averted by one third. Results for the worst-case scenario were more extreme, increasing the average cost per unit of health outcome by 50%-65%. The average CER for RBT in European subregion EurA (baseline value: I$2,467), for example, ranged from I$1,579 to I$3,947. The rank order of cost effectiveness was unchanged (summary table available from the authors upon request). Entering these data ranges into a stochastic uncertainty analysis reveals the uncertainty around point estimates. Figure 2 provides a cloud graph for each single intervention strategy and a range of combined intervention strategies in European subregion EurA, illustrating areas of greatest overlap but also order-of-magnitude differences in the total costs and effect of different combinations (for example, the combination of a 50% increase in tax plus an advertising ban [F2] is much more cost effective than the combination of brief advice and RBT [F1]). The bold arrowed line reveals the incremental cost-effectiveness expansion path as successively less efficient strategies are added into the mix of implemented interventions.
Discussion
At least since Holder et al.'s (1991) "first approximation" for different treatment modalities for alcoholism, there has been an evident need to generate cost-effectiveness evidence capable of informing alcohol public health policy. A key impediment to the generation of such an evidence base has been the absence of a standard measure of intervention effectiveness. Recent attempts to overcome this constraint have used cost-utility and cost-benefit analyses to derive comparable ratios of cost per effect (Fleming et al., 2000; Miller and Levy, 2000; Wutzke et al., 2001) . Completed analyses to date, however, have been restricted to established market economies and therefore have limited generalizability to other countries or regions with differing epidemiology, cost structures and health systems in place.
While beholden to the limits of summary measures of population health (such as the DALY), the present analysis offers a novel approach to the generation of economic evidence capable of broadly informing alcohol public health policy in a wide range of epidemiological settings. Resulting estimates of cost effectiveness-pitched in order-of-magnitude terms-can inform policy makers not only in relation to the efficiency of existing strategies, but also by identifying priorities for alcohol control in the future (Babor et al., 2003) . In this respect, it should be noted that, in each of the subregional populations, the most efficient interventions for reducing hazardous alcohol are projected to show a favorable ratio of cost to effect (each DALY averted by these efficient strategies costs less than average annual income per capita, a threshold for an intervention to be considered very cost effective that was proposed by the Commission on Macroeconomics and Health; WHO, 2001) .
The first key conclusion to be drawn from this analysis is that, in populations with high rates of hazardous alcohol use, both individual-based interventions, such as brief physician advice, as well as population-wide measures, such as taxation on alcoholic beverages, can have a notable impact on population health. Of these, taxation has the most sizeable and least resource-intensive impact on reducing the current public health burden of hazardous alcohol use. Increasing tax rates from current levels appears to be a viable and favorable option from both a public health and an economic point of view, even after allowing for an estimated increase of 10%-15% in illicit production or smuggling. Based on the limited available evidence to date, effects from other public health control strategies, such as reduced hours of sale and advertising bans, are anticipated to be smaller than those generated by taxation.
The second key finding is that, in populations with low rates of hazardous drinking, intervention strategies targeted at particular subgroups of the drinking population, such as drivers who drink or primary care attendees with already high levels of alcohol consumption, appear to be more cost effective than population-wide strategies like taxation. In South East Asia, for example, RBT is estimated to be the single most cost-effective intervention because it is expected to reduce the number of fatal and nonfatal traffic injuries, a leading contributor to overall disease burden in this region. The impact of taxation, by contrast, is diluted, both by the distribution of the fixed costs of administering and enforcing alcohol tax legislation across a smaller target population of drinkers and by underlying drinking patterns (over 85% of all consumption of alcohol in this region is contained in a single preferred drink category, distilled spirits, which diminishes the scope for reducing consumption of less preferred but more elastic categories of alcoholic beverage).
The use of a sectoral cost-effectiveness approach with whole subregions of the world as the unit of analysis clearly places important limits on its application to specific country contexts in which demographic or epidemiological characteristics, as well as treatment costs and coverage, may not coincide with estimates for the subregion as a whole. The present regional analysis can therefore be seen as a baseline from which countries can start to contextualize to their own particular sociocultural setting. Such a process of contextualization is already underway in a number of de-veloped and developing countries. Extrapolation of intervention effect sizes from relatively information-rich countries to other sociocultural settings evidently impinges on the precision and generalizability of derived estimates of population-level health gain. Greatest confidence can be placed in interventions with better supporting evidence of effective coverage in different subregions, such as taxation, and least confidence (wider uncertainty) in those yet to be widely implemented or researched, including reduced weekend hours of sale or a comprehensive ban on advertising. More conclusive research studies are required before firm policy recommendations can be made for the two latter intervention strategies, particularly in such moderate-drinking populations as China, where their use appears to be indicated. On the other hand, there is an appreciable evidence base to suggest that mass media and school-based awareness campaigns represent poor value for money because their effect has been shown to be low (Babor et al., 2003; Foxcroft et al., 1997 Foxcroft et al., , 2003 Ludbrook et al., 2000) .
Although WHO-CHOICE pursues a societal perspective, considerable challenges remain in the appropriate measurement of certain societal costs and effects falling outside the boundaries of the health system (Tan Torres et al., 2003) . The present analysis has thus not been able to successfully capture potential increases in (workforce and household) productivity among heavy drinkers following intervention, nor does it incorporate the economic consequences of alcohol-related crime, violence and harm reduction. Patient and informal carer time spent seeking or providing care and support was also not valued. Inclusion of these (modest) additional costs and (substantial) incremental effects could be expected to improve the CER of all interventions but to a variable and currently unknown degree. Government revenues arising from taxation were excluded because they represent transfer payments within society, but this omission should not detract from the principle that taxation can reap fiscal benefits for governments as well as health benefits for their populations.
